Abstract: Value management (VM) practitioners often encounter problems of lack of active participation and insufficient time and information in decision analysis. The use of a group decision support system (GDSS) is proposed to overcome the above problems by improving the efficiency and effectiveness of VM studies. In order to identify the critical success factors (CSFs) for implementing GDSS in VM studies, an experimental study was conducted to simulate the use of GDSS in VM studies, and then a questionnaire survey was conducted to collect the views of the participants. Factor analysis was used to explore the underlying critical success factors, and the results indicated that certain requirements must be met for the successful application of GDSS in VM studies. In particular, a VM team with an appropriate computer skills mix, and GDSS with good utility were believed to be the most significant underlying factors. Besides these, two other factors, system capabilities and experimental settings, should be also considered in order to achieve a successful application of GDSS in VM studies.
Introduction
Value management (VM) is a structured and analytical process that seeks to achieve value for money by providing all the necessary functions at the lowest cost consistent with required levels of quality and performance (Standards Australia, 1994) . As an effective tool in meeting the increasing demands for value enhancement (McGeorge and Palmer, 1997; Barton, 2000) , VM has been widely used in many countries in the last five decades. The US government, for example, requires the entire executive branches and all federal agencies to establish and maintain cost-effective VM procedures and processes in all programmes and projects. There has been a surge of interest in VM in the construction industry in Hong Kong, especially since the Asian financial crisis in 1997 (Shen and Kwok, 1999) . A number of government departments and private enterprises in Hong Kong have applied VM to ensure value for money for their projects during the project feasibility study stage. The Construction Industry Review Committee (2001) recommended that VM should be used more widely in local construction, because it can help clients and project teams focus on the objectives and needs of the project and all stakeholders, both long-term and short-term.
As a result of technology development, uncertain economic conditions, and fierce market competition, an increasing challenge in current VM practice is that clients demand shorter and more focused VM studies, but the size and complexity of projects subjected to VM studies are continually increasing (Shen and Liu, 2003) . Research studies suggested that the limited time and resources available for VM studies have weakened the effects of this methodology, and a number of measures have been proposed to alleviate this problem (Shen, 1997; Kelly and Male, 2001) . The authors propose to use the group decision support system (GDSS) in VM studies to improve the efficiency and effectiveness of VM studies through alleviating the problems identified in a recent survey conducted by Shen et al. (2004) . This survey has revealed that some VM users encountered the problems of lack of active participation, insufficient time and information in decision analysis. Several experimental studies have been conducted to investigate the effectiveness of using GDSS in VM workshops in the past few years (Fan and Shen, 2004; Shen and Fan, 2005; Fan et al., 2006 Fan et al., , 2007 Fan et al., , 2008 .
As a follow-up study, this paper seeks to identify critical success factors (CSFs) for implementing GDSS in VM studies. CSFs are the conditions that are absolutely necessary and need to be met to ensure the success of the system. The identification of the CSFs will enable the limited resources of time, manpower and money to be allocated appropriately (Chua et al., 1999) . First, a list of factors was nominated through a comprehensive literature review and eight face-to-face interviews. An experimental study was then designed and conducted, which was followed by a questionnaire survey to collect opinions on each of the nominated factors from the participants. Based on the data collected through the survey, two statistical methods were employed to analyse the data: (1) the important ranking of these factors was established through a scale rating analysis; and (2) the underlying factors were identified through a factor analysis study.
GDSS use in VM workshops
GDSS use combines communication, computer and decision support technologies to facilitate the formulation and solution of unstructured problems by a group of people (DeSanctis and Gallupe, 1987) . GDSS comprises a set of techniques, software and technology designed to focus on and enhance the communication, deliberations and decision making of groups (Aiken et al., 1995; Nunamaker et al., 1997) . For almost 20 years, researchers have been studying the effectiveness and efficiency of GDSS in supporting synchronous and asynchronous teams working in both field and laboratory settings. Many research studies have demonstrated that use of GDSS is successful in improving the efficiency, reliability and quality of the group decision-making process (Dennis et al., 1990; Greenbery, 1991; Nunamaker et al., 1996; Adkins et al., 2002) . Therefore, investigation of critical factors of using GDSS in decision-making processes has attracted the interest of many researchers and practitioners. Niederman et al. (1996) identified a set of key factors for using GDSS in group meetings through a series of in-depth interviews with 37 practising facilitators. The factors they reported mainly focused on technology-related issues, including participant anxiety, system inflexibility and system reliability. A meta-analysis research study conducted by Dennis et al. (1996) suggested that in general use of GDSS improves decision quality, increases the number of ideas generated, requires more time to complete the task, and has no effect on participant satisfaction. However, the effects depend greatly on the size of the group and whether the process used by the group (solely electronic communication or a combination of electronic and verbal) matches the task (idea generation or decision making). In another meta-analysis research study, Dennis and Wixom (2002) reported that five critical factors should be considered to investigate the effects of using GDSS, i.e. task, tool, the type of group, the size of the group, and facilitation. Sun et al. (2008) conducted a survey to investigate the critical factors affecting learners' satisfaction in e learning. The results revealed that learner computer anxiety, instructor attitude towards e-learning, e-learning course flexibility, e-learning course quality, perceived usefulness, perceived ease of use, and diversity in assessments are the critical factors affecting learners' perceived satisfaction.
In order to produce a comprehensive list of CSFs for using GDSS in VM studies, the critical factors for VM should also be considered. Many research studies on the critical factors for VM studies have been conducted. Through an international benchmarking study, Male et al. (1998) identified 10 CSFs for VM studies, i.e. (1) a multidisciplinary team with an appropriate skill mix; (2) the skill of the facilitator; (3) a structured approach through the VM process; (4) a degree of VM knowledge on the part of the participants; (5) the presence of decision makers in the workshop; (6) participant ownership of the VM process output; (7) preparation prior to the VM workshop; (8) the use of functional analysis; (9) participant and senior management support for VM; and (10) a plan for implementation of the workshop outcomes. In order to identify the key success factors for VM, Shen and Liu (2003) 
The GDSS prototype-IVMS
A variety of GDSS programs have been built by different universities and organizations since 1980s, and many GDSS packages such as GroupSystems and Decision Explorer are currently available in the market. However, they typically offer a small set of tools such as electronic brainstorming and idea evaluation or voting to support discussion and decision. In order to overcome the problems mentioned above to make the VM process more efficient and effective, more specific functions are required, such as idea generation, function analysis and decision matrices. Hence, a GDSS prototype named Interactive Value Management System (IVMS) has been developed by the research team in the Hong Kong Polytechnic University. IVMS was built based on the Windows SharePoint Services (WSS) designed by Microsoft, which serves as a platform for application development. WSS allows teams to create web-based programs for information sharing and document collaboration, which could help increase individual and team productivity. Including such IT resources as portals, team workspaces, e-mail, presence awareness, and web-based conferencing, WSS enables users to locate distributed information quickly and efficiently, as well as connect to and work with others more productively. Based on the functions provided by WSS, IVMS was an innovative attempt at integrating GDSS with the VM methodology to provide information supports in VM workshops. The system structure is shown in Figure 1 . IVMS is designed to be integrated with the face-to-face method to exploit the full benefits of both modes of communications (electronic and face-to-face). It aims to facilitate information management, improve communication and assist decision analysis in the VM workshops. Table 2 shows the major supports provided by IVMS in VM workshops.
Research method

Research framework
The specific research method of this research study follows the research model of Chan et al. (2004) . They have successfully taken this model to explore critical success factors for partnering in construction projects. This model comprises a literature review, face-to-face interviews, a pilot study, and a questionnaire survey (as shown in Figure 2 ).
Survey questionnaire
As shown in Figure 2 , a literature review was conducted first to develop a research framework for the study. The findings from the literature review also provided a basis for the following face-to-face interviews. A series of factors was also identified during the literature review, and then scrutinized and verified through eight face-to-face interviews. All the interviewees, including VM facilitators, consultants and VM researchers in the UK, were selected because of their eminent experience in value management. All of the eight interviewees, including three TVMs (trainers in value management), two skilled VM facilitators from the construction industry, one professor and two VM researchers from universities, have facilitated or cofacilitated more than 100 VM workshops. The interviews were conducted in the interviewees' head offices, and lasted between one hour and an hour and a half.
During the interview, interviewees' past experiences (e.g. how many VM workshops have been facilitated) in VM were first investigated, which was followed by the questions on the problems encountered by them during VM workshops. Then the general concept of GDSS was introduced, and the supports provided by IVMS were demonstrated. The draft questionnaire was then shown to the interviewees to solicit their ideas on CSFs for using GDSS in VM studies, and their comments were collected to refine the questionnaire. Since no adverse comments were received from the interviewees, the draft questionnaire was taken as the final one during the experimental study. Finally, four perspectives were identified to assess the factors, including participant perspective, facilitator perspective, technology perspective, and workshop perspective (as shown in Figure 3 ).
In order to validate the results of interviews, an experimental study was designed and conducted. A GDSS room was established to conduct this GDSS supported VM experimental study. A wireless network was set up and a laptop was provided to each participant in order that each user could access the system on his/her laptop during the whole workshop. The projector and a large common viewing screen were also provided in the GDSS room, which were used to display public information. The moveable seats and tables could be arranged in a U-shape or a semi-circle for different situations.
The participants were formed from 42 part-time postgraduate students enrolled in a value management course at the Hong Kong Polytechnic University. An integrated component of the course is a strategic simulation that requires students to organize a VM workshop. All the students have been working in the construction industry for several years. Remus (1986) conducted an experimental study to examine whether there were differences between line managers and MBA students with little business experience in production scheduling decisions. The performance of the two groups was compared in three aspects: the cost of decisions, the amount of erratic decision making and the cost after the erratic component is reduced. No significant differences were found. Briggs et al. (1996) also conducted a study which compared the reactions of graduate business students and working executives to an electronic meeting system. They found no significant differences in technology evaluation between executive business managers and graduate business students. Hence, they suggested that one can get a conservative estimate of the reactions of executives to new technology by testing it with graduate business students. Therefore, based on the above two studies, this research with postgraduate students (who also have real-life experiences) as subjects would help us to achieve a reasonable estimation on the effects of GSSS on real-life VM participants. However, it should be still regarded as a limitation of this study.
A real project in Hong Kong was taken as the task: a cycle track connecting North West New Territories with North East New Territories. There were three main objectives, which were also extracted from the real project:
• to create a structural forum whereby views from all stakeholders on the construction of new cycle track sections can be expressed;
• to discuss and decide what supporting facilities should be provided to enhance the tourism value of the existing and new cycle track network;
• to identify the functions for an education centre to create a structural forum whereby views from all stakeholders on the construction of new cycle track sections can be expressed;
The task description, including project background, scope and objectives, and workshop agenda, was given to the participants three weeks before the VM workshop in order to ensure the participants were fully prepared. Each participant was asked to play a role (e.g. quantity surveyor, civil engineer, representatives from Hong Kong Cycling Association, etc.). The participants were also required to collect background information according to the role s/he would play during the workshop. The duration of the workshop was one and half a days. The workshop was conducted according to the general VM job plan, which consists of six phases, i.e. information phase, analysis phases, creativity phase, evaluation phase, development phase and presentation phase. The whole process of the VM workshop was observed unobtrusively by one researcher. The researcher recorded information relevant to the workshop performance (e.g. typing speed, duration of each session, etc.), and also provided technical support to ensure the system worked smoothly during the workshop.
After the experimental study, the questionnaire survey on CSFs was conducted. Apart from the questions that aimed to collect background information on the participants, the remaining questions required the participants to indicate to what degree each factor related to the success of using GDSS in VM workshops based on a six-point scale, i.e. strongly agree = 6, generally agree = 5, slightly agree = 4, slightly disagree = 3, generally disagree = 2 and strongly disagree = 1. Cox (1980) suggested that the magic number of seven plus or minus two appears to be a reasonable range for the optimal number of response alternatives. Dawes (2007) also argued that simulation studies and empirical studies have generally concurred that reliability and validity are improved by using five-to seven-point scales rather than coarser ones (those with fewer scale points), but more finely graded scales do not improve reliability and validity further. Therefore, a five-point or seven-point scale is usually used. However, the problem is that respondents may be tempted to select the midpoint (Fellows and Liu, 2003) . Since the purpose of a rating scale is to allow respondents to express both the direction and strength of their opinion about a topic, a scale without a midpoint would be preferable for it could force the participants not to choose neutral answers (Garland, 1991) . For this reason, a six-point scale format was used to improve the reliability and validity and avoid the neutral answers in this research. Thirty respondents returned their completed questionnaire, which represented a response rate of 71%.
Two statistical tools, scale ranking and factor analysis, were used to analyse the data from the survey questionnaire through SPSS (Statistical Package for the Social Sciences).
Research findings
Ranking of critical success factors
The first analysis ranked the factors according to their mean values. If two or more factors happened to have the same rating, the one with the lowest standard deviation would be assigned the highest rank. Table 3 shows the ranking of these factors according to their mean values. From Table 3 , it is noticed that 'facilitator's knowledge about GDSS' and 'system reliability' are recognized by the respondents as the first two critical success factors.
Factor analysis
Factor analysis is a statistical tool that was used to identify a relatively small number of factors that can be applied to represent relationships among sets of many interrelated variables (Norusis, 1993) . It can be conducted to reduce a large number of individual variables into a small number of 'underlying' group factors. An underlying factor can be regarded as a linear combination of the original variables. In this paper, factor analysis was used to explore the underlying group factors of the identified CSFs for using GDSS in VM studies. The basic steps in undertaking factor analysis are listed below:
(1) Identify the critical success factors for using GDSS in VM studies. In this study, 12 CSFs were analysed using principal factor analysis and varimax rotation. Principal components analysis transforms the original set of factors into a smaller set of linear combinations that account for most of the variation of the original set. Various tests are required for the appropriateness of the factor extraction, including the Kaiser-Meyer-Olkin (KMO) measure of sampling accuracy and the Bartlett test of sphericity which tests the hypothesis that the correlation matrix is an identity matrix. Table 4 gives the matrix of the correlation coefficients among the CSFs. The matrix was automatically generated as a part of factor analysis results through SPSS. The Bartlett test of sphericity is 149.143 and the associated significance level is 0.000, which suggests that the population correlation matrix is not an identity matrix. The value of the Kaiser-Meyer-Olkin (KMO) measure of sampling accuracy is 0.679 > 0.5, which can be considered acceptable. All of these tests show that the sample data are appropriate for factor analysis.
Four underlying success factors with eigenvalues greater than 1 were extracted. The principal components matrix after varimax rotation is shown in Table 5 . The total percentage of variance explained by each underlying success factor was examined to determine how many factors would be required to represent the whole data. Table 6 presents the percentage of the variance and the cumulative percentage of the variance.
As shown in Table 6 , the extracted factors accounted for 72% of the variance in responses. All the factor loadings (see Table 5 ) are greater than 0.5, and seven of them are greater than 0.7.
Interpretation of underlying success factors
After further investigation of the relationships among the CSFs under each of the underlying success factors, the four extracted underlying success factors can be reasonably interpreted as follows: underlying factor 1 = VM team's computer proficiency; underlying factor 2 = system capabilities; underlying factor 3 = workshop duration and number of participants; underlying factor 4 = environmental setting. These four underlying factors are explained in detail as follows.
Underlying factor 1: VM team's computer proficiency
All the five CSFs under the underlying factor 1 are related to the computer proficiency of the VM team, including participants and VM facilitators. It can be seen in Table 5 that the participants' GDSS experience and facilitator's knowledge about GDSS obtained the highest factor loading. If most of the participants lack experience in using GDSS, additional time has to be spent in training the participants before or during the VM workshop. Therefore it will be better to conduct system training to educate participants in the use of GDSS. Facilitators' knowledge is also crucial to the success of integrating GDSS in VM studies. By interviewing 37 practising facilitators with a range of GDSS experience, Niederman et al. (1996) suggested that a facilitator can potentially encourage the whole team to positively embrace GDSS technology through her/his GDSS and communication skills; on the other hand, a facilitator's inexperience with such skills could inadvertently discourage GDSS use as well. Research studies in VM also suggested that facilitator skills were critical to the success of VM workshops (Male et al., 1998; Shen and Liu, 2003) . If a facilitator is not competent in the system use, s/he cannot answer the inevitable questions raised by the participants. Moreover, facilitators should understand the features and limitations of GDSS in order to use GDSS appropriately. It is also inevitable that there will be technical problems of one kind or another that need to be solved. It is ideal to have a VM facilitator with necessary GDSS knowledge; however, it may be rare to find both attributes in the same person. Hence, an additional GDSS facilitator, who is skilled in system use, is recommended to assist the VM facilitator during the workshop.
The other three factors are related to the participants' attitude towards computers. It is true that the computer is used widely nowadays. However, the stakeholders who take part in a VM workshop are usually the senior staff members of their companies. Their computer skills and attitudes towards computer systems may be problematic. This issue may diminish as computer technology continually spreads into modern life. Training is another way to fix the problem. It is recommended to cultivate a positive attitude towards computers among the team through necessary training before a VM workshop. Above all, a VM team with an appropriate computer skills mix is required to achieve a successful GDSS-supported VM workshop.
Underlying factor 2: system capabilities
This underlying factor is about the system capabilities, including the reliability, responsiveness, easy of use and utility. The ability to provide access to reliable data is a major issue in the system development (Poon and Wagner, 2001) . The system responsiveness is another important issue. Problems such as the server being too slow or simply unavailable are often encountered especially for web-based systems. Such problems will severely affect the level of users' satisfaction and the workshop efficiency. Since VM studies normally follow a job plan, which includes six different stages (i.e. information, analysis, creativity, evaluation, development and presentation) with different requirements, it is very important to develop a GDSS based on the special requirements of each stage in VM workshops. A software tool with user-friendly characteristics demands little effort from its users. Users will be willing to adopt such a tool with few barriers and satisfaction will be improved (Amoroso and Cheney, 1991) .
Underlying factor 3: workshop duration and number of participants
This factor suggests that better performance will be achieved when using GDSS in a VM workshop with short duration and a large number of participants compared with the one with long duration and a small number of participants. It is in accordance with the research by Gallupe et al. (1992) . During their research, they conducted two experimental studies with different group sizes to investigate the effects of group size on the use of electronic brainstorming technology. It was found that the use of electronic brainstorming in larger groups generated more unique ideas and more high-quality ideas, and higher participants' satisfaction compared to verbal brainstorming, whereas there were fewer differences between the electronic brainstorming and verbal brainstorming for the smaller groups. Hence, it was suggested that electronic brainstorming reduces the effects of production blocking and evaluation apprehension on group performance, particularly for large groups. Dennis et al. (1996) also found that large groups benefited significantly more from GDSS use than small groups through a meta-analysis study. Besides, there are usually large numbers of participants in current VM workshops owing to the increasing complexity of projects involved. Therefore, it creates a good opportunity to apply GDSS to the current VM studies to improve the efficiency and effectiveness.
Although the short duration factor is seldom mentioned in the literature, there is a trend that clients demand shorter and focused VM studies because of technology development, uncertain economic conditions and intense market competition, which brings an increasing challenge to current VM practice (Shen and Liu, 2003) . Since the main problems encountered in current VM studies are related to the short duration and large numbers of members (Shen and Chung, 2001) , it is recommended to conduct a controlled experimental study to investigate the impact of workshop duration on the effects of using GDSS in VM workshops.
Underlying factor 4: environmental setting
The results of the questionnaire show that a face-to-face environment is critical to the use of GDSS in VM workshops. There are normally two situations when using GDSS: the participants of the VM workshops are in the same location with a face-to-face setting; or participants disperse in different locations with video support to ensure the participants can see each other during the workshop. In the meta-analysis study conducted by Dennis et al. (1996) , it was suggested that groups with a combination of electronic and verbal communication benefited significantly more from GDSS use (better decisions and more ideas) than groups with solely electronic communication. This is also supported by this research, which suggested that both face-to-face and GDSS have their own advantages and it will be better to integrate the two communication modes together to exploit the full benefits. A series of experimental studies are planned to be conducted by the authors to compare the performance of using GDSS in two different experimental settings: face-to-face and virtual environment, which are expected to further verify the CSFs for using GDSS in VM workshops.
Conclusion
Through an experimental study and a questionnaire survey, this paper identified and ranked CSFs for using GDSS in VM studies according to their importance. The outcomes were analysed through factor analysis, and four underlying success factors were extracted: VM team's computer proficiency, system capabilities, workshop duration and number of participants, and environmental setting. The first two factors accounting for 51% of variance in the factor analysis should be given more attention. The VM team's computer proficiency requires a team with an appropriate computer skills mix. System capabilities relates to the system reliability, responsiveness, easy of use and utility. A successful GDSS-supported VM study can only be delivered when the system with user friendly characteristics can provide necessary support constantly and quickly.
Instead of a confirmatory test, the purpose of this research was investigation. It aimed to identify the critical factors that would affect the performance of GDSS-supported VM workshops. All these factors may provide valuable references for both practitioners and VM researchers on how to obtain a successful GDSS-supported VM study. Factors related directly to GDSS among all the factors include VM team's computer proficiency and system capabilities. These issues may be solved by time as the GDSS technologies continue to advance and evolve. However, whenever the practitioners apply GDSS in VM workshops, it is necessary to make sure that the system is reliable and capable and the team has necessary GDSS knowledge, especially the VM facilitator. The other two factors are related to group size, workshop duration and settings. It is indicated that face-to-face VM workshops with large group size and short duration should be recommended for GDSS use. Although the findings are supported by other studies (e.g. Gallupe et al., 1992; Dennis et al., 1996) , further verification and validation studies are needed.
A series of controlled experimental studies on the use of GDSS in VM studies should be conducted to verify and validate the applicability and reliability of the CSFs identified during this research. The unit contributions of each factor in the process of implementing VM studies should also be investigated and identified during follow-up experimental studies. The authors have already obtained funds from the Research Grand Council in Hong Kong to conduct a research study on the effects of using group support systems on virtual value management workshops for major construction projects, which will focus on VM workshops with participants dispersed geographically. It will help further verify the above factors, especially the experimental setting factors.
